A system for FM radiotelemetry of heart and breath sounds is described, Patients' heart and breath sounds are detected by oesophageal or precordial stethoscopes. The anaesthetist, carrying a portable radio receiver, is then free to move around theatre while listening to these sounds through headphones or an ear-piece. The FM telemetry system has also been used to assist patient monitoring in noisy environments such as ambulances.
Monitoring of heart and breath sounds during anaesthesia is a simple and reliable technique of patient observation. Precordial, sternal notch and oesophageal stethoscopes are used for this purpose. The major difficulty in their use is that they must be connected to the anaesthetist's ear by a tube. This limits mobility and tends to discourage the wider use of stethoscope monitoring. However, this problem can be overcome by attaching the stethoscope to a transmitter. The anaesthetist, carrying a receiver, is then free to move around the theatre. In this study, commercially available parts were used to make a transmitting/receiving system using low power frequency-modulated (FM) radio waves.
Description
As illustrated in Figure 1 the system consisted of three components; a stethoscope, FM radio microphone and FM receiver. In order to provide sufficient coupling of the sound waves and the microphone it was necessary to provide an air-tight seal between the microphone head and the stethoscope tubing ( Figure 2 ). 
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The heart and breath sounds were most clearly detected by oesophageal stethoscopes but the use of these stethoscopes was restricted to intubated patients. Precordial and sternal notch stethoscopes were found to produce sufficient output when good skin contact was made. Skin contact can be improved by using double-sided sticky discs (3M item number 2181).
A satisfactory FM wireless microphone measuring 2 x 4 x 6 centimetres can be purchased from 'Dick Smith' for $10. It can be tuned to broadcast on any frequency in the bandwidth of commercial FM radios. It was chosen because the internal microphone is easily isolated and attached to the stethoscope.
The quality and strength of the signal received was determined by the quality of the receiver and length of its aerial. An inexpensive FM radio, with extended aerial, provided satisfactory reception throughout most of the theatre but it was inconvenient to carry. Smaller 'Walkman' type radios were tested as these are designed to be carried. These radios use the headphone lead as an aerial so reception may be affected if the radio is connected to other equipment such as a tape recorder. The range of reception of cheaper radios was strictly limited to within one metre of the transmitter. A medium-cost 'National' receiver (RF-ll) provided good reception virtually anywhere within the operating theatre.
There was surprisingly little interference with the better receivers tested. The diathermy machines in our hospital (Valleylab and Davenol) had litle impact, producing only a slight background hiss. Other equipment such as X-ray machines and electrocardiograph machines had no effect unless they were next to the receiver. Large metal equipment masked out the signal. This was quite obvious with the anaesthetic machine between the transmitter and the receiver.
Applications
Oesophageal and precordial stethoscopes provide information on respiratory and cardiac systems. Information relating to the respiratory system includes the rate of ventilation, the length of the inspiratory phase, the presence of bronchoconstriction, upper airway obstruction and leaks around the endotracheal tube. Information relating to the cardiovascular system includes the heart rate and rhythm, and important changes such as the characteristic sound of air embolism. The system described can provide this information without limiting the anaesthetists movement around the theatre.
As the anaesthetist is able to stand away from the patient and still hear heart and breath sounds clearly the FM system is of particular value in situations where the anaesthetist cannot be continuously beside the patient. For example, the heart and breath sounds of patients having CA T scans were clearly monitored from behind a shielded window. The anaesthetist can avoid X-ray exposure while continuing to monitor his patient.
The system is also valuable in nQisy environments. The headphones mask out background noise and the radio receiver can be used to amplify the received sounds. Thus blood pressure can be measured in a moving ambulance using a standard four-centimetre stethoscope diaphragm on the brachial artery to hear the Korotkoff sounds.
The FM system is also useful in teaching. If a radio with a loudspeaker is used both teacher and student can listen to the heart and breath sounds. Alternatively, if other theatre staff are bothered by the sounds, two radios with headphones can be used. If a tape recording is made, e.g. of air embolism, it can be replayed later for other students to hear.
Tape recorders can also provide a continuous record of cases with potential problems. The heart and breath sounds can be recorded on one track while information on time and progress is recorded simultaneously on a second track.
